A cross-sectional study was conducted in 156 clinically-stable peritoneal dialysis patients to identify the factors associated with sodium removal. Serum biochemistry, peritoneal function (modified peritoneal equilibration test [PET]) and the adequacy of dialysis were analysed in relation to sodium removal using multivariate linear regression. Factors significantly affecting peritoneal sodium removal included infusion volume and ultrafiltration volume per 24 h, sodium dip in the first hour of PET and sodium difference between serum and fresh dialysate. Factors significantly affecting total sodium removal included ultrafiltration and urine volume per 24 h, sodium dip in the first hour of PET and sodium difference between serum and fresh dialysate. With traditional dialysate, adequate fluid removal is required to ensure sufficient sodium removal, but a low-sodium dialysate may prevent sodium retention. Sodium removal should be included in evaluation of the adequacy of dialysis.
Introduction
Removal of sodium during peritoneal dialysis is extremely important. In patients undergoing peritoneal dialysis, cardiac and cerebrovascular diseases are the main causes of death 1 and sodium retention has been shown to be an independent risk factor for hypertension. 2, 3 Sodium retention is always accompanied by fluid retention which, subsequently, exacerbates hypertension 4 and may result in left ventricular hypertrophy. 5 Thus, sodium retention is an important risk factor for cardiac and cerebrovascular diseases in patients receiving peritoneal dialysis. 6 Understanding the factors that contribute to sodium removal is very important in preventing and treating sodium overload.
The present cross-sectional study explored the factors that affect sodium removal in stable peritoneal dialysis patients.
Patients and methods

STUDY POPULATION
Patients receiving peritoneal dialysis were recruited sequentially from the Department of Nephrology, Zhongshan Hospital, Fudan University, Shanghai, China between 1 January 2008 and 1 October 2010. Male and female patients receiving peritoneal dialysis for > 3 months who were clinically stable at the time of the study and had been free of peritonitis for ≥ 1 month prior to the study were eligible for inclusion. Patients with acute renal failure, on a combination of haemodialysis and Sodium removal in peritoneal dialysis peritoneal dialysis, or who were noncompliant or reluctant to participate in the study were excluded.
Written and verbal informed consent was obtained from all patients. The study protocol was approved by the Ethics Committee on Human Research of Zhongshan Hospital, Fudan University.
STUDY DESIGN, SAMPLE COLLECTION AND PROCEDURES
In this cross-sectional study, patients were assessed for dialysis adequacy 7 and peritoneal function (by the modified Peritoneal Equilibration Test; PET). 8 Urine and drainage dialysate collections were carried out over a 24-h period from 08:00 h on the first morning of the study until 08:00 h the following morning. Blood was also collected at 08:00 h on the first morning of the study, after an overnight fast, and was centrifuged immediately at 4°C to collect plasma, which was then aliquoted. The blood, along with the dialysate and urine samples, were immediately frozen at -80°C until analysis.
Peritoneal dialysis solutions used by the patients contained the following electrolyte concentrations: sodium 132 mEq/l, chloride 95 mEq/l, calcium 2.5 mEq/l, magnesium 0.5 mEq/l, and lactate 40 mEq/l (Baxter Healthcare, McGaw Park, IL, USA). During the 24-h study period, a dialysis volume of 4 -9 l was administered over a 4 -10 h period, with each administration taking 10 -20 min.
MEASUREMENTS AND CALCULATIONS
Data collected during the 24-h study period included: 24-h urine volume (UV), dialysis scheme, dialysis dose (infusion volume [inV]) and drainage volume (dV). Serum analyses included: serum concentration of sodium (sNa + ), blood urea nitrogen (BUN), serum creatinine (sCr) and serum creatinine at 2 h (sCr 2 ). Dialysis drainage (d) analyses included sodium (dNa + ), urea nitrogen (dUN), and creatinine (dCr) in 24 h, dialysate sodium at 1 h (dNa + 1 ), and dialysate creatinine at 4 h (dCr 4 ) by PET. Urine (u) analyses included sodium (uNa + ), urea nitrogen (uUN) and creatinine (uCr) in the 24-h urine volume.
All samples were processed using a Hitachi 7600 chemical autoanalyser (Hitachi, Tokyo, Japan). Serum sodium, potassium and chloride concentrations were analysed by ion selective electrodes using standard laboratory techniques. Urea nitrogen was measured by standard urease assay and creatinine level was measured by the Jaffé reaction, Variables that were calculated included: peritoneal removal of sodium (prNa + ) = (dV × dNa + -inV × 132)/1000; residual renal removal of sodium (urNa + ) = UV × uNa + /1000; total removal of sodium (trNa + ) = prNa + + urNa + ; ultrafiltration per 24 h (UF) = dV -inV; peritoneal clearance index of urea (pKt/V) = (dV × dUN × 7)/(total body water × BUN); residual renal function (RRF) = (UV × uUN/BUN + UV × uCr/sCr)/2880; the dCr 4 /sCr 2 ratio = D/P Cr ; sodium dip in 1 h of PET (Na + dip) = (1 -dNa + 1 /sNa + ) × 100%; and difference in sodium concentration between serum and fresh dialysate (Na + diff.) = sNa + -132. Total body water was calculated as body weight × 0.6 (males) or × 0.55 (females).
STATISTICAL ANALYSES
All statistical analyses were carried out using the SPSS ® statistical package, version 10.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Multifactorial regression analysis was used to analyse relationships between variables: dependent variables were prNa + , urNa + and YS Shan, XQ Ding, J Ji et al. Sodium removal in peritoneal dialysis trNa + and independent variables were inV, UF, UV, pKt/V, RRF, D/P Cr , Na + dip and Na + diff. A P value < 0.05 was considered to be statistically significant.
Results
A total of 156 patients (94 men and 62 women) receiving peritoneal dialysis were included in the study. Their demographic characteristics and peritoneal dialysis and renal function parameters are given in Table  1 . The primary causes of end-stage renal disease were chronic glomerulonephritis (n = 82), hypertensive nephrosclerosis (n = 30) and diabetic nephropathy (n = 22). The mean ± SD RRF was 3.10 ± 3.33 ml/min (Table 1) .
Multivariate regression analysis showed significant positive correlations of inV, UF and Na + diff. with prNa + , and a significant inverse correlation of Na + dip with prNa + (all P < 0.001; Table 2 ). There were no significant relationships of pKt/V or D/P Cr with prNa + . There was a significant positive relationship between UV and urNa + (P < 0.001; Table 2) ; however, RRF, which was calculated using urea and creatinine clearance, was eliminated from the regression model during analysis. There were significant positive correlations between UF, UV and Na + diff. with trNa + , and a significant inverse correlation between Na + dip and trNa + (all P < 0.001, Table 2 ). Other factors (inV, pKt/V, RRF and D/P Cr ) showed no significant correlation with trNa + . The power of urine volume and RRF for sodium removal, which was calculated using the clearance of urea and creatinine, partially overlapped in the colinearity diagnostics; urine volume was primary so RRF was eliminated from the regression model during data analysis. Sodium removal in peritoneal dialysis
Discussion
Sodium retention is an important risk factor for cardiac and cerebrovascular disease in patients receiving peritoneal dialysis. 6 Increasing the removal of sodium may improve their prognosis, but the factors associated with sodium removal are not well understood. Ultrafiltration volume has generally been considered to be associated with sodium removal (and this is supported by the present study), and increased ultrafiltration has often been achieved with high glucose or polyglucose dialysates. 9 A high-glucose dialysate aggravates an individual's glucose load, inducing disordered glucose and lipid metabolism and causing anorexia, which can exacerbate malnutrition. 10 As it is metabolized slowly, polyglucose may induce hypersusceptibility to tetter (i.e. skin diseases, such as eczema, psoriasis or herpes, that are characterized by eruptions and itching) and dermatitis, and may accumulate in the blood and affect plasma osmosis. Furthermore, the frequent and chronic use of polyglucose dialysate can cause hyponatraemia in peritoneal dialysis patients. 11, 12 Thus, it is important to investigate alternative methods of preventing sodium retention in patients receiving peritoneal dialysis in order to avoid the problem of hyponatraemia caused by polyglucose.
The present study showed a significant inverse correlation of Na + dip and a significant positive correlation of Na + diff. with both prNa + and trNa + . Na + dip is an inherent and effective measure of peritoneal permeability, 13 but the use of Na + diff. has great potential for improvement. Decreasing the sodium concentration in fresh dialysate would be very straightforward and lowsodium dialysate may be a valuable way to increase sodium removal. 14 -16 Determination of what constitutes the optimal sodium concentration in the dialysate and how to formulate a low sodium dialysate are subjects of ongoing research.
No correlation was observed between D/P Cr (the traditional index of peritoneal permeability) 17, 18 and prNa + or trNa + in the present study, prompting a re-evaluation of the clinical value of D/P Cr for evaluating peritoneal permeability. Creatinine is a small molecule and a previous dynamic study found that its removal characteristics were different from those of sodium. 19 This is supported by the present study, where sodium removal was independent of peritoneal transport, as indicated by D/P Cr . Because sodium is closely related to prognosis, the characteristics of sodium transported through the peritoneum should be included in the evaluation of peritoneal permeability. Modified PET, 8 which is carried out with a 3.86% glucose dialysate, can provide information about sodium dip and reflects the ability of the peritoneum to remove sodium. It can describe peritoneal function more thoroughly than classic PET 20 and is of greater value for formulating the dialysate.
It might be assumed that the higher the pKt/V and RRF, the more sodium is removed; however, the present study showed no relationship between these two factors and sodium removal. This provides a new consideration for dialysis adequacy, which has traditionally been estimated using the clearance index of urea and the creatinine clearance rate, 7, 21 with the removal of fluid the primary concern. 22 Sodium removal as a clinical target has not, however, been considered. The present study indicated that 'adequately dialysed' patients may have serious sodium retention and could, therefore, be at risk from cardiac and cerebrovascular events. Thus, sodium Multifactorial regression indicated a significant relationship between Na + diff. and prNa + . This method of analysis effectively corrected the interference of others factors, such as sNa + , inV and UV. The sodium concentration of the commercial dialysate that was used was 132 mmol/l, 23 and Na + diff. depends on sNa + ; this is a factor that both affects sodium removal and is the result of sodium removal. High dialysis doses and higher ultrafiltration volumes could compensate for the negative effects of low serum sodium concentration on sodium removal. Multifactorial regression analysis eliminated this interference and showed a significant correlation between Na + diff. and prNa + , which is the advantage of using this analysis technique.
In conclusion, while an adequate volume of fluid removal is required for sufficient sodium removal when a traditional dialysate is used, a low-sodium dialysate may be an effective way to solve the problem of sodium retention. Sodium removal should be included in evaluation of the adequacy of dialysis.
